Introduction
============

Liver failure is a severe inability of the liver to perform its normal synthetic and metabolic function, as clinically characterized by jaundice, ascites, encephalopathy and coagulopathy, which may lead to multiple organ failures and death. Liver failure can develop as acute liver failure (ALF) in the absence of any pre-existing liver disease, acute-on-chronic liver failure (ACLF) in the presence of known or unknown chronic liver disease, or chronically as a decompensation of pre-existing end-stage liver disease (Sarin et al., 2009\[[@R70]\]).

Liver failure may result from various etiologies, among which drugs and long-term alcohol consumption are the respective leading causes of acute (subacute) and chronic liver failure in western countries. Nevertheless, hepatitis virus infections, primarily hepatitis B, as well as other non-hepatotropic viruses are the main causes of liver failure in the Asian and developing countries (Nanda et al., 1994\[[@R56]\]; Tibbs and Williams, 1995\[[@R83]\]; Williams, 1996\[[@R91]\]; Tandon et al., 1999\[[@R78]\]; Chu et al., 1999\[[@R12]\]).

In the development of liver failure, massive hepatocellular death is considered to be the core event, as accompanied by the inflammatory cell infiltration and hepatic ischemic injury. Liver failure occurs when the rate and extent of hepatocellular death exceeds the regenerative capacity of the liver. The direct injury and immune mediated liver injury both contribute to these pathological processes. More and more evidence suggested that the immune response plays a pivotal role in the pathogenesis of liver failure, especially the activation of immune cells, including kuppfer cells, dendritic cells (DCs), natural killer (NK) cells, cytotoxic T lymphocytes (CTLs), regulatory T (Treg) cells, etc., and their production of cytokines. In the early phase of virus induced ALF/ACLF, kuppfer cells produce quantities of proinflammatory cytokines, including tumor necrosis factor-alfa (TNF-α), interleukin-1 (IL-1) and interferon-gama (IFN-γ), which lead to hepatocellular injury. Additionally, kuppfer cells that express procoagulant fibrinogen-like protein (FGL2)/fibroleukin prothrombinase also promote hepatocyte death by initiating "immune coagulation". NK/NKT cells are also involved in this stage, eliminating the infected hepatocytes by either mediating apoptosis through Fas/ FasL and natural killer group 2D (NKG2D)/ NKG2DL pathway, or secreting IFN-γ and perforin. DCs is responsible for presenting the antigens to T helper cells, and the activated lymphocytes are recruited to liver by certain chemokines. In the later period, adaptive immune response takes priority. CTLs directly kill the infected hepatocytes through Fas/FasL or perforin pathway, or clear the virus by secreting antiviral agents. Tregs, which are characterized by the production of IL-10 and TGF-β, tend to inhibit the proliferation and function of effector T cells and modulate the immune response (Figure 1[(Fig. 1)](#F1){ref-type="fig"}). However, the mechanisms involved are complex and still remain not fully understood.

1. Innate immunity
==================

Both innate and adaptive immunity participate in the immune-mediated liver injury that leads to liver failure. The innate immune system is activated prior to the adaptive immune system, and enables the highly specialized adaptive immune system to confer long-term immunological memory. The innate immune system acts as the first-line of defense against invading pathogens and other potential threats to the host. Exquisite coordination of multiple innate immune cells is crucial to efficiently destroy and clear the invading pathogens and other molecular threats. Liver is highly enriched in innate immune cells, such as kupffer cells, natural killer (NK) cells, NKT cells and dendritic cells (DC), which result in unique immune responses against microbial pathogens (Thomson and Knolle, 2010\[[@R82]\]). There is increasing evidence suggesting that liver plays a pivotal role in innate immune responses and acts more as an immune organ (Crispe, 2009\[[@R13]\]; Gao et al., 2008\[[@R21]\]; Racanelli and Rehermann, 2006\[[@R64]\]).

1.1 Macrophages / immune coagulation system
-------------------------------------------

Macrophages display a remarkable plasticity and can differentiate functionally into M1 and M2 subsets (Yang et al., 2012\[[@R97]\]). Activated M1 macrophages are associated with type I cytokines (e.g., TNF-α, IL-6 and IFN-γ) and exhibits the potent pro-inﬂammatory effects, which promote Th1 immune response. On the contrary, activated M2 macrophages release several immunoregulatory mediators (e.g., IL-4, IL-10 and IL-13) that suppress inﬂammation and promote tissue repair. (Laskin, 2009\[[@R40]\]; Benoit et al., 2008\[[@R6]\]; Montaner, 1999\[[@R51]\]; Gordon and Martinez, 2010\[[@R24]\]). Kupffer cells are the liver resident macrophages constituting the majority of tissue macrophages of the body. Normally, naïve KCs is likely to differentiate into M2 phenotype, maintaining immune tolerance in the liver. At the early stage of acute liver failure, activated KCs display as the classical M1 phenotype and promote liver injury. At the resolution stage of ALF, KCs exhibit more like M2 macrophages, which produce anti-inﬂammatory and regenerative cytokines (Antoniades et al., 2012\[[@R3]\]). Several studies have demonstrated the correlation between the functional states of KCs and the extent of liver injury. In a mouse model of ALF induced by concanavalin A (con A), the apoptosis and dysfunction of KCs were observed and accompanied by the increased production of macrophage-related inflammatory cytokines. These observations indicated that the deactivation and apoptosis of hepatic macrophages may be a potential link between inflammation and immunoparesis in ALF (Yang et al., 2013\[[@R98]\]). It is reported that during ALF, the activated KCs resulted in a significant increase in sCD163, which highly correlated with fatal outcome (Hiraoka et al., 2005\[[@R27]\]; Møller et al., 2007\[[@R50]\]). Mita et al. (2005\[[@R47]\]) examined 24 patients with fulminant hepatic failure who underwent liver transplantation and discovered that FasL was expressed predominantly on liver macrophages, which contribute to the severe liver injury through Fas/FasL pathway.

Activation of the immune coagulation system has been implicated in the pathogenesis of fulminant liver failure. Our previous studies have shown the importance of activated macrophages and its expression of fibrinogen-like protein-2 (fgl2) either in a murine hepatitis virus strain 3 (MHV-3) induced fulminant hepatitis animal model or in patients with hepatitis B-related acute-on-chronic liver failure. Fgl2 is able to directly cleave prothrombin into thrombin, resulting in intravascular fibrin deposition within the liver and culminating in widespread hepatocyte necrosis (Levy et al., 2000\[[@R41]\]; Zhu et al., 2005\[[@R113]\], 2006\[[@R112]\]). After m-fgl2 antisense administration, the overall survival rate increased from 0 to 33.33 % in mice with MHV-3-induced fulminant hepatitis. Furthermore, the survival rate in mice receiving dual mfgl2 and mTNFR1 interference was superior to that of mice receiving single-target interference (Gao et al., 2010\[[@R22]\]). HBV-induced human fgl2 (hfgl2) transcription is dependent on c-Ets-2 and mitogen-activated protein (MAP) kinase signaling. A positive correlation was observed between hfgl2 expression and the degree of liver injury, as indicated by the bilirubin levels. The hfgl2 expression in peripheral blood mononuclear cells (PBMC) may also be used as a biomarker for monitoring the severity of acute-on-chronic hepatitis B and hfgl2 could be a potential target for therapeutic intervention (Han et al., 2008\[[@R26]\]; Wu et al., 2010\[[@R93]\]).

1.2 Natural killer/natural killer T cells
-----------------------------------------

Natural killer (NK) cells account for a large part of the liver lymphocytes and are considered as the first-line effector against pathogens (Dong et al., 2007\[[@R15]\], 2004\[[@R16]\]; Zhang et al., 2005\[[@R103]\]). NK cells with expression of TRAIL showed strong cytotoxicity against primary hepatocytes in the liver injury (Ochi et al., 2004\[[@R61]\]). The activated NK cells produce plenty of IFN-γ, but the liver injury was absolutely independent on IFN-γ. Perforin and FasL were also confirmed to be two dispensable effectors in the NK cell-mediated liver injury (Dong et al., 2007\[[@R15]\]). A variety of groups have reported the critical role of NK cells in the pathogenesis of liver injury. Zou et al. (2010\[[@R114]\]) in our lab has investigated the role of liver NK cells in the development of hepatocyte necrosis in both fulminant hepatic failure (FHF) and acute-on-chronic liver failure (ACLF) due to viral infection. After MHV-3 infection, a large number of NK cells were recruited into the liver from peripheral blood, spleen and bone marrow. Meanwhile, the cytotoxic activity of NK cells was also significantly enhanced with an increasing intracellular IFN-γ and TNF-α production. Both Fas/FasL and NKG2D/NKG2DL pathways were found to contribute to liver NK cell-mediated hepatocyte toxicity in the FHF model. In patients with acute-on-chronic hepatitis B liver failure (ACHBLF), the accumulation of liver NK cells and increased expression of FasL and cytotoxicity receptors (NKp30 and NKp46) on peripheral NK cells were correlated with disease progression (Zou et al., 2010\[[@R114]\]). Our colleagues also observed a newly identified potassium channel tetramerisation domain containing 9 (KCTD9), which was highly expressed in peripheral and hepatic NK cells from ACHBLF patients, and its expression had a positive correlation with the severity of liver injury. Inhibition of KCTD9 by shRNA resulted in reduced cytotoxic function. These results suggest the involvement of KCTD9 in NK cell activation.

Natural killer T cells are a unique subset of T cells expressing surface markers of both T cells and NK cells. NKT cells are considered to be an important role in Con A-induced liver injury by producing IFN-γ and IL-4 as well as Fas-mediated hepatocyte apoptosis (Tiegs, 2007\[[@R84]\]). Zhao et al. (2011\[[@R111]\]) demonstrated a novel role of Vγ4 γδ T cells in conducting a protective effect against Con A-induced fulminant hepatitis through negatively regulating the function of NKT cells in an IL-17A-dependent manner. This finding indirectly confirmed the role of NKT cells involved in the pathogenesis of liver injury. Kakimi et al. (2000\[[@R31]\]) found that activated intrahepatic NKT cells participate in the controlling of HBV replication by secreting antiviral cytokines (IFN-γ and IFN-α/β) in HBV transgenic mice.

1.3 Dendritic cells
-------------------

Dendritic cells (DC) are a kind of specific antigen-presenting cells (APC) and comparatively abundant in the liver. DC constitutes the body\'s primary source of type I interferon (IFN), which regulate the local immune responses in liver. Recent studies have indicated that the number and function of DCs are closely associated with the prognosis of HBV-associated ACLF patients with different therapies. Zhang et al. (2008\[[@R107]\]) reported that activated pDCs accumulated in large numbers in liver of the ACHBLF patients, and produced IFN-α, which subsequently induced IL-12 and IL-10 production via toll-like receptor-9 ligation in liver-infiltrating lymphocytes. Zhao et al. (2012\[[@R109]\]) indicated that higher mDC numbers at baseline and the recovery of mDC number at the end of treatment may represent a prognostic marker for favorable response to corticosteroid treatment in ACHBLF patients. Khanam et al. (2014\[[@R32]\]) have found that the frequencies of circulating and intrahepatic myeloid (mDCs) and plasmacytoid (pDCs) dendritic cells (DCs) increased significantly post-G-CSF treatment in ACLF patients along with improved clinical parameters serum bilirubin and international normalized ratio (INR).

1.4 Toll-like receptors (TLRs)
------------------------------

Toll-like receptors (TLRs) play a key role in the innate immune response to invading pathogens. The Toll-like receptor 4 (TLR4) expresses mainly on macrophages and plays an important role in mediating macrophage activation and subsequent production of pro-inflammatory cytokine, which leads to the progression of severe liver injury. Increasing studies have focused on the potential mechanisms of TLR4 in the development of liver failure as well as the effect of its antagonists for treatment. In a recent study, a TLR4 antagonist (E5564) was used to treat the rats with d-galactosamine (d-galactosamine) and lipopolysaccharide (LPS)-induced acute liver failure, and remarkably reduced the liver injury and improved the overall survival rate of these rats. The TLR4 antagonist may work through blocking endotoxin-induced TNF-α overproduction of macrophages (Kitazawa et al., 2010\[[@R34]\]). Another study also suggested that TLR4 in the liver and extrahepatic organs were activated in acetaminophen (APAP)-induced acute liver failure and lead to the progression of ALF and multiorgan dysfunction (MOD). And the administration of the TLR4 antagonist STM28 prevented liver injury and associated MOD (Shah et al., 2013\[[@R71]\]). Fisher et al. (2013\[[@R18]\]) compared wild-type mice with TLR4-mutant, E5564 (a TLR4 antagonist) -treated, and KC-depleted mice in liver pathology and survival rate after APAP administration. All groups had significant liver injury but only wild-type mice had markedly worse survival. These results also pointed to a link between TLR4 and KCs in the APAP induced ALF and confirmed the efficiency of TLR4 antagonism in treating ALF. Except TLR 4, TLR3 is also found to be important in innate immunity and is responsible for recognizing viral pathogens. Rong et al. (2013\[[@R66]\]) revealed that the prevalence of TLR3 1234CT genotype and T allele was significantly increased in CHB patients with ACLF than those without ACLF. TLR3 C1234T polymorphism could be a risk factor for the development of chronic HBV infection, especially the CHB-related ACLF.

2. Adaptive immunity
====================

2.1 Cellular immunity
---------------------

It is commonly accepted that the adaptive immunity plays an essential role in the pathogenesis of HBV related ACLF. The clearance of virus depends primarily on two ways: the direct killing of infected hepatocytes by cytotoxic T lymphocytes (CTLs) through Fas/FasL or perforin pathway, or by the release of IFN-γ (Guidotti et al., 1999\[[@R25]\]; Thimme et al., 2003\[[@R81]\]; Bertoletti et al., 2003\[[@R8]\]; Kondo et al., 2004\[[@R36]\]).

### 2.1.1 T cells

T cell responses, especially T helper cell and CTL responses are of considerable importance in viral control and immune-mediated liver damage. The reduction of CD4+T lymphocytes, predominantly conventional CD4+T cells, was observed in ACHBLF patients. And the development of suppressive CD4+ Tregs greatly prevails over conventional CD4+T cells, constituting important characteristics of adaptive immune dysfunction of HBV related ACLF (Dong et al., 2013\[[@R14]\]). CD8+ CTLs are the predominant effector T lymphocytes that contribute to the extensive hepacellular death in virus induced liver failure. The elevated PD-1 expression could promote CD8+ T cells apoptosis and pathogenic CD8+ T-cell responses and liver damage. It is found that in ACHBLF patients, the expression of PD-1 and PD-L1 was positively correlated with disease progression, and the PD-1 expression on effector CD8+ T cells was lower than those on other CD8+ T cells, which maybe accounted for the liver failure (Zhang et al., 2008\[[@R106]\]; Liu et al., 2010\[[@R43]\]\[[@R44]\]).

### 2.1.2 Regulatory T cells (Tregs)

CD4+CD25+ regulatory T cells (Tregs) are able to suppress the proliferation and function of effector T cells and maintain immunological tolerance to self and foreign antigens (Stoop et al., 2005\[[@R75]\]; Franzese et al., 2005\[[@R19]\]). However, the relationship between the frequency and function of CD4+CD25+ Tregs and the severity of ACLF has not reached broad consensus. Yang et al. (2012\[[@R96]\]) showed that the CD4(+)CD25(high) Tregs prevalence in peripheral blood is highly increased and positively correlated with HBV DNA load, suggesting its indicative of disease severity in ACLF or CHB patients. A study showed activated T cells and chemokine receptors could induce Tregs and recruit other inflammatory cells in liver, but the increased expression of regulatory T cells in liver could not effectively downregulate the activation of inflammatory cells in ACLF (Khanam et al., 2010\[[@R33]\]). High mobility group box-1 (HMGB1) protein, which is involved in the process of endotoxemia, can weaken the immune activity of Treg cells and favors liver failure in patients with chronic HBV infection (Wang et al., 2010\[[@R88]\]). Fibrinogen-like protein 2 (Fgl2) was also an important effector molecular for Tregs that contributed to the susceptibility to MHV-3-induced fulminant hepatitis (Shalev et al., 2009\[[@R72]\]). CD3+ CD4-CD8-double negative T cells (DNT) are a novel subset of regulatory T cells, which exacerbate the disease progression in MHV-3-induced fulminant hepatitis by expressing Fgl2 (Wu et al., 2012\[[@R92]\]). The number of newly identified CD39+FoxP3+CD4+ Treg cells weas detected significantly less in chronic active hepatitis B and ACLF patients than those in asymptomatic HBV carriers. The increased proportions of circulating CD39+ Tregs were positively correlated with serum viral load, but inversely correlated with serum ALT level, indicating that these CD39+ Tregs may be associated with the HBV disease progression (Tang et al., 2012\[[@R79]\]). Recently, Zhang et al. (2012\[[@R105]\]) has identified the heterogeneity of human CD4(+)Foxp3(+) T cells. The circulating and intrahepatic CD4(+)CD45RA(-)Foxp3(hi)-activated Tregs (aTregs) were selectively increased in patients with active CHB and ACLF. In both peripheral blood mononuclear cells (PBMCs) and livers, ACLF patients showed a dramatic elevation of interleukin 17A-secreting CD45RA(-)Foxp3(lo) non-suppressive T cells (non-Tregs), which were shown to be associated with severe liver damage.

### 2.1.3 Th17 cells

Th17 cells, which are characterized by the production of IL-17 and IL-21, have recently been identified as the third distinct subset of effector T cells. IL-21 could promote Th17 differentiation in a STAT3-dependent manner, and induce the release of cytokines such as IL-17 and IFN-γ, which may involved in the pathogenesis of ACLF (Wei et al., 2007\[[@R90]\]; Hu et al., 2011\[[@R29]\]). Th17 cells and Treg cells are with reciprocally regulated differentiation and function. TGF-β can induce Treg-specific transcription factor Foxp3, while the addition of IL-6 to TGF-β can inhibit the generation of Treg cells and induce Th17 cells. Frequency and function of these two cell subsets vary in patients with chronic hepatitis B. The fine balance between Th17 and Treg cells is crucial for maintenance of immune homeostasis (Zhao et al., 2010\[[@R110]\]; Ye et al., 2010\[[@R99]\]). In recent years, the points on the ratio of Th-17/Treg cells in ACLF patients and its relationship with the disease prognosis remain controversial. Zhai et al. (2011\[[@R101]\]) demonstrated both Th17 and FoxP3(+) Treg cells in the peripheral blood were increased in ACLF patients and the ratio of Th-17 to Treg cells was associated inversely with the survival of ACLF patients. Niu et al. found that liver IL-17(+) T cells increased markedly in the ACLF patients, while the Foxp3+ T cells did not show a significant difference between ACLF and CLF patients. In addition, the ACLF group showed a dramatically higher IL-17(+)/ Foxp3(+) ratio than the CLF group, and the imbalance between IL-17(+) and Foxp3(+) T cells in the liver may lead to progression of the disease (Niu et al., 2011\[[@R59]\]). Restoring the Treg cell/Th17 cell ratio during the follow-up phase of ACLF could maintain the immune system at a steady state, which favours good prognosis (Niu et al., 2013\[[@R60]\]). Nevertheless, Zhang et al. (2013\[[@R102]\]) made a different conclusion that Th17 cells increased while Treg cells decreased in the recovery phase of ACLF, and a high ratio of Th-17 to Treg cells leads to a better prognosis. Thus, more investigations are needed to carry out on this issue.

2.2 Humoral immunity
--------------------

HBV-associated acute liver injury is believed to be prominently mediated by the cellular immune response (Thimme et al., 2003\[[@R81]\]) and the role of humoral immune response in this process is poorly understood. The viral clearance and antibody response are more rapid and active in fulminant hepatitis B than in traditional cases of acute hepatitis B (Trepo et al., 1976\[[@R86]\]; Tabor et al., 1976\[[@R76]\]; Gimson et al., 1983\[[@R23]\]). A recent study analyzing liver tissues from two patients show that HBV-associated ALF is characterized by an overwhelming B cell response centered in the liver with massive intrahepatic production of IgG and IgM by infiltrating plasma cells against the hepatitis B core antigen (HBcAg) of HBV, implicating a major role of B cell immunity in the pathogenesis of HBV-associated ALF (Farci et al., 2010\[[@R17]\]). Thus, the dynamic changes of humoral immunity in the development of HBV-associated ALF and underlying mechanisms need further investigation.

3. Cytokines
============

In the development of liver failure, a prominent phenomenon of host immune response is the cascade activation of proinflammatory cytokines, displaying as"sepsis-like"immune paralysis (Wasmuth et al., 2005\[[@R89]\]). Proinflammatory and anti-inflammatory cytokines in the pathogenesis of liver injury were extensively investigated, and cytokines including TNF-α, IFN-γ and IL-6 etc were identified to be of considerable importance (Galun et al., 2002\[[@R20]\]; Yin et al., 2003\[[@R100]\]; Odeh et al., 2004\[[@R62]\]; Rutherford et al., 2007\[[@R67]\]; Nagaki et al., 2008\[[@R55]\]).

TNF-α is considered exhibiting different effects in different phases. In the early phase of liver injury, high level of TNF-α protects hepatocytes from apoptosis, favors their repairing and regeneration. Whereas continuous increase of TNF-α induces the apoptosis and necrosis of hepatocytes. The increase of blood TNF-α as well as overexpression of TNF-α receptor 1 is directly correlated to the mortality of patients with liver failure (Tokushige et al., 2000\[[@R85]\]; Nagaki et al., 2000\[[@R54]\]). In D-GalN/LPS-induced murine fulminant hepatic failure, TNF-α expression was also enhanced remarkably (Lian et al., 2010\[[@R42]\]).

IFN-γ is primarily produced by NK cells and activated T cells, and induces macrophage activation and a delayed-type hypersensitivity response that damages the liver (Ando et al., 1993\[[@R1]\]). The vital role of IFN-γ in the pathogenesis of HBV or ConA/LPS induced ALF were proved by several studies (Nicoletti et al., 2000\[[@R58]\]; Shimizu et al., 2002\[[@R73]\]). TNF-α and IFN-γ were both highly expressed in the liver of ACLF patients compared with those in CHB patients. The increase of IFN-γ was due to the recruitment of CD4+ and CD8+ T lymphocytes while the upregulation of TNF-α is associated with the enhancement of Kupffer cells (Zou et al., 2009).

IL-6 is also produced mainly by macrophages and T cells, possessing pleiotropic characteristics of both anti-inflammatory and pro-inflammatory cytokine. A number of studies have suggested the relationship between increased hepatic and circulating IL-6 expression and the severity of liver injury in acute/subacute liver failure in human (Jin et al., 2006\[[@R30]\]). Another animal study also suggested the Con A-induced liver injury is mediated by CD4+ T cells acting within the liver, and at least in part through the secretion of IL-6 (Cao et al., 1998\[[@R9]\]). In ACHBLF patients receiving glucocorticoid treatment, IL-6 and TNF-α levels were statistically lower, while the SOCS1 transcription level was higher with better prognosis (Zhang et al., 2014\[[@R104]\]). Nonetheless, some investigators discovered IL-6 was protective for liver damage induced by ConA, acetaminophen, carbon tetrachloride (CCL4) or other stimulus. This effect is probably mediated by the induction of anti-apoptotic proteins including Bcl-xL, Bcl-2 and FLIP, which activate the signal transducer and activator of transcription 3 (STAT3) pathway and inhibit IFN-γ secretion (Mizuhara et al., 1994\[[@R48]\], 1996\[[@R49]\]; Kovalovich et al., 2001\[[@R38]\], 2000\[[@R37]\]; Hong et al., 2002\[[@R28]\]; Masubuchi et al., 2003\[[@R46]\]; Taub, 2003\[[@R80]\]; Klein et al., 2005\[[@R35]\]). In an anti-CD137 mAb-induced liver injury mice model, ectopic IL-6 expression prevented CD8+ T cell-mediated liver damage by increasing accumulation of Gr-1+CD11b+ myeloid derived suppressor cells (MDSCs) in the liver (Cheng et al., 2011\[[@R11]\]).

IL-17, the characteristic cytokine produced by Th 17 cellsis involved in the mobilization, recruitment and activation of immune cells. IL-17 induces IL-8 mediated neurophils recruitment in liver, resulting in the liver injury due to HBV infection (Ye et al., 2010\[[@R99]\]). In ACHBLF patients, the increased serum IL-17 level contributes to the immune activation and disease aggravation (Yang et al., 2013\[[@R94]\]).

The anti-inflammatory cytokine IL-10 can inhibit the activation of monocytes by downregulating NF-κB, and reduce the production of pro-inflammatory cytokines. However, the overexpression of IL-10 mediates the immunoparesis contributing to prognosis in ALF. Berry et al. showed that admission levels and early changes in serum IL-10 are predictive of poor outcome as well as the pro-inflammatory cytokine (TNF-α and IL-6) in acute liver failure (Berry et al., 2010\[[@R7]\]; Antoniades et al., 2008\[[@R2]\]).

4. Death receptor signaling
===========================

Death receptor-induced hepatocyte apoptosis plays a large part in the development of acute liver failure. Death receptors that are expressed on hepatocytes include Fas (CD95), tumour necrosis factor receptor 1 (TNF-R1), tumor necrosis factor-related apoptosis inducing ligand receptors 1 and 2 (TRAIL-R1/TRAIL-R2), death receptor 3 and 6. These death receptors can trigger intracellular signalling pathways when bound to their respective ligands (Yin and Ding, 2010\[[@R100]\]; Malhi et al., 2006\[[@R45]\]).

Fas can be expressed on a variety of cells in liver, including hepatocytes, stellate cells, kupffer cells, endothelial cells and cholangiocytes (Ni et al., 1994\[[@R57]\]; Saile et al., 1997\[[@R69]\]; Muschen et al., 1998\[[@R53]\]; Cardier et al., 1999\[[@R10]\]; Ueno et al., 2000\[[@R87]\]). The liver is very sensitive to Fas-induced apoptosis. Experimental studies have suggested that apoptosis via the Fas/FasL signaling pathway may play an important role in the development of acute liver failure. In mice, administration anti-Fas agonistic antibody causes rapid death due to fulminant hepatitis (Ogasawara et al., 1993\[[@R63]\]). In human fulminant hepatic failure, Fas was found to be highly expressed on a large number of hepatocytes, while FasL was detected expressing on both liver and peripheral lymphocytes, and the soluble FasL in serum significantly increased as well (Ryo et al., 2000\[[@R68]\]; Tagami et al., 2003\[[@R77]\]). As previously mentioned, Fas/FasL pathway also contributes to the liver NK cell-mediated hepatocyte injury in both mouse FHF and human HBV-ACLF (Zou et al., 2010\[[@R114]\]).

TNF-R1 is highly expressed on hepatocytes. Activation of TNF-R1 can mediate NF-κB activation, apoptosis or necroptosis, and leads to different outcomes, which are determined by distinct TNF receptor-associated signaling complexes (Bantel and Schulze-Osthoff, 2012\[[@R4]\]). TNF-α has been shown to be an important mediator of ALF due to CCL4 or hepatic ischemia-reperfusion injury, but not acetaminophen induced injury. Accumulating evidence suggests that oxidative stress may sensitize the ischemic liver to TNF-α, leading to potentially massive apoptosis (Riordan and Williams, 2003\[[@R65]\]). TNF receptor gene deletion could delay disease progression and attenuate disease severity in experimental acute liver failure (Bémeur et al., 2010\[[@R5]\]). Anti-TNF-α polyclonal antibody was beneficial to protect the rats in human serum albumin (HSA) and D-Gal/LPS induced ACLF (Yang et al., 2014\[[@R95]\]). It has been shown in vitro that TNF-α can enhance hepatocyte FasL-mediated cytotoxicity, and in turn, TNF-α induced apoptosis was associated with Fas and FasL upregulation (Kuhla et al., 2008\[[@R39]\]). The serum TNF-α and soluble FasL can be used as biomarkers in non-acetaminophen-induced acute liver failure (Singhal et al., 2009\[[@R74]\]).

TRAIL has several receptors, among which TRAIL-R1 and TRAIL-R2 are so-called full functional receptors. When engaged, they initiate a similar cascade as Fas does, recruiting FADD and initiator caspase-8 or caspase-10 to the receptor complex, and induce hepatocyte apoptosis (Yin and Ding**,**2003\[[@R100]\]). Data are conflicting about the hepatotoxicity of TRAIL. Hepatocytes are sensitive for TRAIL-mediated apoptosis in vitro, but TRAIL induces no apoptosis in healthy livers in vivo. It has been shown that TRAIL enables the organisms to specifically kill virus-infected hepatocytes (Mundt et al., 2003\[[@R52]\]). However, little data suggests a direct correlation between TRAIL and liver failure.

Summary
=======

The pivotal role of immune mediated liver injury in the pathogenesis of liver failure has been commonly accepted. The activation of various immune cells and secretion of cytokines initiate immune response in the early phase and cause massive hepatocyte death. A number of immune cells and molecules modulate the balance of pro- and anti-inflammatory factors through different pathways. Once the balance is broken, the host immune disorder leads to uncontrolled immune responses and subsequent severe liver damage that beyond liver regeneration. The mechanisms involved in the immune mediated liver injury, especially the interaction among different immune cells are complex and need further investigation. These novel theories would provide new strategies to control the unbalanced immune response and thus beneficial for managing patients with liver failure.
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